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Abstract


Since its inception, the Sustainable Development Division (SDD) has run a track in the Institute of Industrial and Systems Engineering (IISE) Annual Conference. Different topics have been associated to this track. This indicates that a vast variety of ideas have been associated to the effort of developing sustainable Industrial and Systems Engineering (ISE) practices. These works have been revisited and categorized utilizing the Triple Bottom Line framework by topics and countries of origin, in an effort to recognize potential patterns. Findings suggest that establishing a unique definition for 'sustainability' in the context of IISE seems a futile enterprise. Increasing the variety of responses, rather than reducing it, appears to be a better strategy to disseminate principles, particularly those from the United Nations 2030 sustainable development goals among IISE professionals.
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1. Introduction 

The word Sustainability (or Sustainable development) means many things to different people and can be used in reference to a number of important issues [1]. The most widely accepted definition of sustainability or sustainable development is attributed to the World Commission on Environment and Development (WCED). The WCED stated in its final report that sustainable development is “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” [2] The United Nations has adopted this definition and goes on to add that sustainability consists of three pillars; economic development, social development and environmental protection [3]. These broad and vague definitions of sustainability are not easily translated into practical action and confusion still exists as to what sustainability means in different fields of study. Furthermore, Giddings et al. [4] suggest that Sustainable Development is a contested concept, with theories shaped by people’s and organizations’ different worldviews, which in turn influence how issues are formulated and actions proposed. Against this backdrop, some researchers have called for reinterpretations of the concept [4, 5] and reconsideration of its key concepts ‘needs’ and ‘meets’ [6]. In the particular case of the ISE community, individuals seem to be uniquely suited to address the need for the greater implementation of sustainability in the systems that underlie daily life; even though, they have generally been trained to work towards the maximization of economic profit [7]. This approach seems to overlook the ‘softer’ dimensions of sustainable development (such as ‘people’ and ‘environment’) and it is suggested that a more comprehensive approach is needed to formulate issues and propose actions and solutions. 

Thus, the aim of this paper is to review the abstracts and papers that have been submitted to the Sustainable Development track of the IIE/IISE Annual Conference since 2011 to understand the topics and issues that Industrial and Systems engineers (ISEs) usually associate with the concept of sustainability. Topics will be categorized using the Triple Bottom Line framework, and by country and geographical region as the UN has recognized that each country faces specific challenges to achieve sustainable development [8]. 

The remainder of the paper is organized in five sections. The first section sets the background of the SDD conception and development. The second section provides an explanation of the review that was carried out. It also explores the concept of Triple Bottom Line and its limitations. The third section presents figures to characterize main findings. The fourth section discusses findings and summarizes the main sustainability issues that have been raised in an attempt to uncover what sustainability means in the context of Industrial and Systems engineering. The last section recapitulates the IISE participants’ Research Agenda and proposes future research suggestions. 


2. Background

It was in 2010, during the IIE Annual Conference in Cancun, that formal conversations on the creation of a new division concerning Sustainable Development inside our Institute were organized. For the following IIE Annual Conference in Reno, NV (2011) a call for the first track of Sustainable Development was proposed. A group of SD enthusiasts responded to the call with 46 papers and presentations. Because of such success, a meeting hall was organized to decide the formal establishment of the Sustainable Development Division. As an outcome of this meeting hall the Sustainable Development Division (SDD) was conceived.

The mission of the SDD is “to advance the general welfare of humankind by applying the resources and creative abilities of the industrial engineering profession to the development of sustainable societies” [9]. Four are the purposes that the SDD has self-established: (a) to develop, maintain, and disseminate a body of technical knowledge; (b) to provide a forum for technical networking; (c) to be perceived as the voice of the technical specialty, and (d) to support IIE’s mission, provide member value, and promote the discipline. These purposes have been the origin for multiple activities inside SDD, such as a specialized website (http://www.sustainableengineer.org/ (​http:​/​​/​www.sustainableengineer.org​/​​)); a series of newsletters available in the SDD website (http://www.iise.org/details.aspx?id=35381 (​http:​/​​/​www.iise.org​/​details.aspx?id=35381​)); a number of specialized webinars (http://www.iise.org/details.aspx?id=643 (​http:​/​​/​www.iise.org​/​details.aspx?id=643​)); and an uninterrupted collection of Sustainable Development tracks in the IIE/IISE Annual conferences since 2011, in both Applied Solutions and Research versions.

Even though evidence suggests that ‘sustainability’ is a notion that took place in the brains and hearths of IISE members, it does not figure within the knowledge areas of the Industrial Engineering Body of Knowledge (IEBoK). IEBoK is a document concerning essential information for the field of Industrial Engineering (IE). It involves knowledge areas representing a taxonomy of relevant IE concepts. The IEBoK is constituted by 12 knowledge areas. Each knowledge area is represented by an outline that defines what needs to be known to achieve a mastery in the field of IE [10]. To compensate the absence of the sustainability concept, SSD members have been working on developing an alternative SDD Body of Knowledge; however, this effort has not been very successful in defining sustainability in the context of ISE. This paper looks at some of the reasons why such effort is so elusive. 


3. Methodology
The usual model for sustainable development is of three separate but connected rings of environment, society and economy, with the implication that each sector is, at least in part, independent of the others [4]. Sustainable development is characterized by the different intersections between the dimensions involved. This conceptualization is known as the ‘Triple Bottom-Line’, and it is “an expanded baseline for measuring performance, adding social and environmental dimensions to the traditional monetary yardstick” [11].


Figure 1. Triple -Bottom Line [12]


There is a recognition that profit must be shared by as many people as possible, to be ‘equitable’; this as a reaction to the continuous growth of the gap between rich and poor, in terms of countries and individuals. The benefits are expected to be seen in terms of a better quality of life, making individuals and their collectives resilient to catastrophic events, like earthquakes, tsunamis, hurricanes, etc. Limitations to these improvements are also proposed in terms of the impact that human activity has at the planetary scale. This is seen in terms of ‘viable’ systems. In this context, the Triple Bottom-Line (TBL) suggests two different kinds of activities. First, developmental actions to strengthen economic and social dimensions. Second, protective actions to reduce side-effects on the planet future. This suggests that TBL follows a trade-off approach, where profit and social impact tend to be maximized meanwhile environmental side-effects are minimized. 

The TBL concept appears to have had some success in articulating a philosophy of sustainability in a language accessible to businesses [13] and is one of the most widely accepted frameworks for sustainable development. Hence, the three dimensions of the TBL framework and their intersections were utilized to categorize papers presented at the IIE/IISE Annual Conferences since 2011. These papers were presented in Applied Solution Sessions and Research Conference tracks. Seven were the different categories used: 1) People; 2) Profit; 3) Planet; 4) People and Profit; 5) Profit and Planet; 6) People and Planet, and 7) People, Profit and Planet.

These categories were compared against two different geographical regions, 1) Canada/USA and 2) Latin America. No other regions were incorporated as their numbers were not representative.

4. Findings
Presentations and papers submitted to the Sustainable Development track have grown consistently. Last conference in Anaheim involved 59 presentations (see figure 1), and the increasing quality of the work resulted in the creation of a prize for the best-student paper in 2015.

The categorization of papers can be seen in figure 2. It is interesting to notice that the most popular topic is “profit and planet” which represents more than 50% of the papers submitted to the track since its conception. In general terms, such papers relate to issues concerning how to balance economic development with environmental deterioration. As we said previously, this indicates an interest among ISEs in finding positive trade-offs between both dimensions of the TBL. Such papers involve discussions around life-cycle, closed-loop design, metric systems and other different evaluation procedures (see figure 3).


Figure 2: Presentations submitted by year	Figure 3: Presentations submitted by topic

Concerning the origin of such papers, there is a clear difference between USA and other countries. This suggests that the IISE might be overly oriented to the USA community and overlooks its character of international institute (see figure 4). However, when looking at the geographical origin in terms of regions, Latin America appears as an important actor for the SDD (figure 5). 

Figure 4: Presentations submitted by country	Figure 5: Number of presentations submitted by region

In terms of sustainability interests for the most participative regions, Canada/USA display a higher preference to look at the relation between profit and planet dimensions of the TBL (see figure 6) as more than 60% of papers relate to such category. Conversely, Latin America shows a more balanced set of interests (see figure7)


Figure 6: Canada and USA sustainability interests	Figure 7: Latin America sustainability interests



5. Discussion

There is a challenge when applying the TBL framework in practice. It relates to the different aims and languages used to deal within each dimension. For instance, in democratic societies, people usually identifies ways to work collectively by means of consensus. Different approaches are used to accommodate different positions [14]. Even though, to build a collective preference from individual ones seems to be in many cases impossible to achieve by democratic means [15].

In terms of profit maximization, economy development has been generally associated to approaches of decision-making. Initial explorations where linked to zero-sum games (e.g. Nash equilibrium, minimax or maximin). However, the recognition of synergy effects, for instance by means of collaboration rather than competition, has evolved this towards more ‘systemic’ challenges (e.g. tragedy of the commons or prisoner’s dilemma). Concerning the environment, a different battle is taking place. The environment does not communicate as humans do.  This has been an advantage for different actors who claim to be legitim representatives of the planet. Environmentalists and scientists receive donations and public funding to develop their personal interests, for the benefit or not of others. Politicians have their parties’ agendas. The interaction among such different dimensions demands attempts to make interactions possible (see figure 8).


Figure 8: TBL limitations

The TBL is an effective approach to sustainability, and its use in the educational context has proven useful. On the other hand, there is no evidence to suggest that the TBL three dimensions exhaust the field of sustainability and such confirmation is unlikely, given the ever-moving spirit of the concept of sustainability [13]. In our quest to uncover what is understood as “sustainability” among the ISE community and which are the issues most commonly approached, it has become clear that instead of trying to narrow down and delimit the concept of sustainability, we should be looking at expanding it. 


6. Conclusion and future research suggestions
							  
The data analyzed suggest that ISEs tend to focus on studying and solving issues related to only two of the main dimensions of sustainability (profit and planet); which corresponds with the fact that ISEs have generally been trained to work towards the maximization of economic profit [7]. There is also a marked preference to focus on certain topics depending on the geographical region which supports the idea that each country faces specific challenges to achieve sustainable development. Even though defining “sustainability” has proven to be a difficult enterprise, the SDD has already in practice an approach to understanding issues concerning sustainable development. It is an extended recognition of the use of the TBL but a different characterization is followed. Such characterization, concerning any particular action conducive to support sustainable development and its associated challenges, is related to the 17 Sustainable Development Goals presented by the UN. The 17 The Sustainable Development Goals (and 169 targets) involve the entire world, developed and developing countries alike. They are integrated and indivisible and balance the three dimensions of sustainable development: the economic, social and environmental [3]. Such goals and targets are aimed at creating a more sustainable world by 2030. We suggest that such goals may serve as a more comprehensive framework to understanding the main issues related to sustainability. By highlighting these goals within the ISE community and linking the efforts that ISEs are already making to achieve such goals we may be able to wider our understanding of what sustainability means in the context of ISE and the challenges that we may be able to address in the next 13 years. Further research, on how ISEs may contribute to support better-informed public policy-making and businesses decision-making, seems required, in order to find effective and efficient ways to achieve such sustainable development targets. Complementary representations of TBL that consider five dimensions rather than 3, People, Planet, Prosperity, Partnership, and Peace, also deserve to be explored in more detail.
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